BACKGROUND: There are racial/ethnic disparities in colorectal cancer (CRC) screening, including lower uptake rates among Hispanic Americans (HAs) and Asian Americans (AAs) relative to non-Hispanic white Americans. The objective of this study was to explore pathways associated with the use of health services and to characterize multifaceted associations with the uptake of CRC screening among HAs and AAs. METHODS: Data were obtained from the Medical Expenditure Panel Survey (2012)(2013). Participants included HA (n 5 3731) and AA (n 5 1345) respondents ages 50 to 75 years who met CRC screening recommendations. A modified Andersen behavioral model was used to examine pathways that lead to CRC screening uptake, including predisposing characteristics (education, economic, and cultural factors), health insurance, health needs (perceived health status and several comorbidities), and health provider contextual factors (access to care, perceived quality of health services, and distrust in health care). Structural equation modeling was used to examine the models for HAs and AAs. RESULTS: In the HA model, cultural factors (standardized regression coefficient [b] 5 20.04; P 5 .013) and distrust in health care (b 5 20.05; P 5 .007) directly and negatively affected CRC screening. Similarly, cultural factors (b 5 20.11; P 5 .002) negatively affected CRC screening in the AA model, but distrust in health care was not significant (P 5 .103). In both models, perceived quality of health services was positively associated with CRC screening uptake and mediated the negative association between cultural factors and CRC screening. Access to care was not associated with CRC screening. CONCLUSIONS: Correlations between CRC screening and associated factors differ among HAs and AAs, suggesting a need for multilevel interventions tailored to race/ethnicity. The current findings suggest that facilitating access to care without improving perceived quality of health services may be ineffective for increasing the uptake of CRC screening among HAs and AAs. Cancer 2018;124:335-45.
INTRODUCTION
Although colorectal cancer (CRC) is the second leading cause of cancer-related deaths and greater than 50% of CRCs are preventable if detected early, CRC screening uptake rates are lower relative to other cancer screening rates in the United States. [1] [2] [3] [4] Only 58.2% of adults ages 50 to 75 years, for whom screening is recommended, reportedly were up-to-date on CRC screening in 2013. 3 Previous studies have suggested that lower CRC screening rates may be attributed to marked racial and ethnic disparities. [5] [6] [7] An analysis of the 2010 Behavior Risk Factor Surveillance System (BRFSS) indicated that 66.4% of non-Hispanic whites, 64.8% of non-Hispanic blacks, 55.2% of American Indians/Alaska Natives, 54.4% of Asian Americans (AAs), and 51% of Hispanic Americans (HAs) were up-to-date on CRC screening. 8 Although the national CRC incidence and mortality rates have decreased, racial/ethnic minorities are more likely to be diagnosed with CRC at more advanced stages, in part because they continue to have lower uptake rates relative to non-Hispanic whites. [7] [8] [9] Because HAs and AAs are the fastest-growing minority groups in the United States (with average growth rates of 2.4% and 3.4%, respectively), 10 lower rates of screening uptake may contribute to higher burden of the disease among these populations and, ultimately, increase health care costs at a national level. 11 Prior studies investigating CRC screening among racial and ethnic minorities have suggested that these differences are attributed to socioeconomic determinants, such as educational attainment, family income level, degree of acculturation, and insurance status. 6, 8, [12] [13] [14] [15] However, racial and ethnic disparities are a complex and multifaceted problem, and they cannot be explained by merely a single factor in cross-section. 8 Therefore, using structural equation modeling (SEM), the objective of this study was to explore the pathways associated with health services use and to characterize multifaceted associations with CRC screening uptake among HAs and AAs.
Conceptual Framework and Hypotheses
Figure 1 presents a conceptual framework for evaluating the effects of individual characteristics and health services quality contextual factors on health services use in racial/ ethnic minority groups. We modified the Andersen behavioral model of health services use 16 to include perceived quality of health services attributes for our primary conceptual model. The Andersen model has been applied to substantial studies investigating multiple influences of health services use: predisposing characteristics (including sociodemographic characteristics, attitudes, perceived values, and knowledge of health and health services), enabling (health insurance or other resources enabling service use), and need factors (perceived health status and evaluated conditions by health professions). 16, 17 After the incorporation of health provider-related factors and patient attitude toward health care, 18, 19 we conceptualized and added perceived quality of health services, access to care, and perceived distrust in health care in the modified Andersen model. Because previous experience of discrimination and physician distrust may affect the use of health services among racial/ethnic minorities, 20, 21 this framework allows a better understanding of the use of health services by integrating these provider contextual factors.
In the current study, we investigated factors that contributed to lower CRC screening uptake rates for HAs and AAs and addressed the following 3 questions: First, which factors are strongly associated with CRC screening uptake among HAs and AAs? Second, do the effects of perceived quality of health services or access to care mediate relations between associated factors and CRC screening uptake? Third, how do the examined associations vary Figure 1 . This conceptual framework for the current study illustrates how the modified health services utilization model incorporated health services quality factors.
among HAs and AAs? Based on the literature, we primarily hypothesized that predisposing characteristics (education, economic status, and cultural factors), [4] [5] [6] 8, 12, 13, 16, 19 enabling factors (health insurance), 14, 16, 19, 22 and health needs (perceived risks of health status and the number of comorbid conditions) 5, 14, 16, 19 would affect CRC screening uptake. We also hypothesized that cultural factors would have indirect effects (ie, mediation) on screening uptake through perceived quality of health services, 18, 20, 23 access to care, 16, 24 or distrust in health care. 21, 25 The hypothesized correlations between factors in the modified health services utilization model are presented in Supporting Figure 1 (see online supporting information).
MATERIALS AND METHODS

Data and Study Sample
Data were obtained from the Medical Expenditure Panel Survey (MEPS) for 2012 and 2013. The MEPS is a nationally representative survey of health care utilization, expenditures, and insurance coverage for the US civilian, noninstitutionalized population and is conducted by the Agency for Healthcare Research and Quality. 26 We limited the study population to HA and AA respondents ages 50 to 75 years who met the screening recommendation by the US Preventive Services Task Force. 27 Of those respondents, we excluded individuals who had a history of colon cancer. These criteria yielded a total sample of 4726 (n 5 3731 HAs; n 5 1345 AAs). Characteristics of the total study sample and stratified by race/ethnicity are provided in Table 1 .
Measures
CRC screening uptake
The primary dependent variable was an individual's report of being up-to-date on CRC screening. Individuals were defined as being up-to-date if they indicated a CRC screening by any type of test within the recommended period (fecal occult blood test [FOBT] within 1 year, sigmoidoscopy within 5 years, or colonoscopy within the past 10 years).
Education level
Education level was assessed by years of education (from 1 to 16 years) and was used as a continuous variable.
Economic factors
Economic factors were assessed with 3 items: family income level (<200% of the Federal Poverty Level [FPL] , from 200% to <400% of the FPL, and 400% of the FPL); personal income level (<$30,000 and >$30,000); and employment status (employed vs not employed). A composite variable was calculated in which higher scores indicated higher socioeconomic status. The internal consistency of the total score was satisfactory (Cronbach a 5 .74). 28 
Cultural factors
Cultural factors were assessed with 4 items: foreign-born status, language preference, English proficiency, and English use of all family members. The foreign-born status item asked whether respondents were born in the United States and was coded dichotomously as 1 (no) or 2 (yes). English proficiency and English use of family members were assessed by asking whether a respondent/family member was comfortable conversing in English.
Responses were coded as 1 (no) or 2 (yes). Language preference was measured according to which language was spoken at home and was coded as 1 (other languages) or 2 (English). The internal reliability was good (a 5 .82).
Health needs
The number of comorbid conditions was used to measure health needs. Comorbidity was defined as a "yes" response from 5 yes-or-no items about health conditions (hypertension, congestive heart failure, heart disease, high cholesterol, and diabetes mellitus). The number of comorbidities was recoded as an ordinal score of 0, 1, 2, or more.
Perceived risk of health status
Perceived risk of health status was assessed according to perceived physical and mental health status. Possible choices ranged from 1 (excellent) to 5 (poor). A composite score was computed by determining the arithmetic mean. The 2 scales had good internal consistency (a 5 .83).
Health insurance
Full-year insurance status was used and recoded as 1 if an individual was insured by any type of insurance (any private or public) and as 0 if an individual was uninsured.
Access to care
Access to care was assessed with 3 items. Respondents were asked to indicate how often 1) they made an appointment for health care as soon as needed; 2) they received care as soon as needed; and 3) it was easy to get the care, tests, or treatments that were necessary. Response scales ranged from 1 (never) to 4 (always). Mean scores were calculated, with higher scores indicating better access to care. The internal reliability was excellent (a 5 .88).
Perceived quality of health services
Perceived quality of health services was assessed using 5 items about patient experience with receiving health care and scores of overall satisfaction. Respondents were asked to indicate how often health providers: 1) listened carefully, 2) explained things in a manner that was easy to understand, 3) showed respect, 4) spent enough time, and 5) provided advice/instruction that was easy to understand. Response scales ranged from 1 (never) to 4 (always).
Overall satisfaction was measured by rating health care from all health providers on a scale from 0 (worst health care possible) to 10 (best health care possible). We calculated a score by weighting equally and averaging the 6 responses, in which a higher score indicated higher perceived quality of health services. The internal consistency of the total score was excellent (a 5 .90).
Perceived distrust in health care
Perceived distrust in health care was measured with 4 items: 1) no need of health insurance, 2) not worth having insurance, 3) more likely to take risks than the average person, and 4) able to overcome without help from health providers. The 5-point scale ranged from 1 (disagree strongly) to 5 (agree strongly). The average score was computed, with higher scores representing higher distrust in health care. The internal consistency reliability was acceptable (a 5 .70).
Statistical Analysis
We used SPSS Complex Samples (v24; IBM Corporation, Armonk, NY) for descriptive statistics to summarize sample characteristics and an exploratory factor analysis (using principal-component factoring with Varimax rotation) to measure initial validity of the constructs. Detailed descriptions and measurement properties of the included items for each hypothesized latent factor are listed in Table 2 .
We tested alternate factor analysis methods (including maximum-likelihood and iterated principal axis factor methods), and the results yielded the same factors across specifications. Before conducting SEM, we performed an analysis of missing values, and data were imputed using the expectation-maximum algorithm. 29 We also used log transformation to produce a normal-like distribution for extremely negatively skewed variables in access to care and perceived health services quality.
SEM was conducted using SPSS AMOS, version 22 (IBM-SPSS, Chicago, Ill) to examine the hypothesized direct and indirect associations among individual characteristics, health services quality contextual factors, and CRC screening uptake in the model. A confirmatory fact analysis was conducted first to confirm and test measurement of the hypothesized constructs in each model. We then estimated 2 structural models with bootstrap estimates (1000 samples) of standard errors for direct, indirect, and total effects. 30 Bootstrap procedures based on 2000 and 5000 samples were also employed to test the sensitivity of our estimates; all standardized effect sizes were identical to the estimates of 1000 samples.
Original Article
Correlations between the factors were measured using standardized regression coefficients (b), adjusted for age and sex. The goodness of fit of the final model was assessed by several goodness-of-fit indices. We did not use the chi-square statistic because of its sensitivity to large sample sizes. 31 Instead, we used the comparative fit index (CFI), goodness-of-fit index (GFI), incremental fit index (IFI), normed fit index (NFI), root mean squared error of approximation (RMSEA), and standardized root mean squared residual (SRMR). The criteria were CFI, GFI, IFI, and NFI values >0.90 and RMSEA and SRMR values <0.065. 32, 33 In sensitivity analyses, we substituted "up-to-date on CRC screening" (any type of screening; primary outcome) for 1) "up-to-date on FOBT" (as noninvasive type screening test) and 2) "colonoscopy" (invasive type). For all analyses, 2-tailed P values < .05 were considered statistically significant.
RESULTS
Structural Equation Modeling
The final path models are presented in Figures 2 and 3 for HAs and AAs, respectively. The final models were adjusted for age and sex to improve model fit (because of parsimony, relations are not illustrated in the figures). Table 3 presents the standardized effect sizes, which were estimated with the bootstrap procedure based on 1000 samples. Correlations of the measured variables in the study are presented in Supporting Table 1 (see online supporting information). (Table 3) , health insurance status had the strongest total effects on CRC screening (b 5 0.30; P 5 .002), followed by health needs (b 5 0.20; P 5 .002), education (b 5 0.07; P 5 .001), and perceived quality of health services (b 5 0.06; P 5 .028) in the HA model.
AA model
The model for AAs was tested, and the model fit was satisfactory. Although the NFI was <0.90, other indices supported the model as a good fit with the data for AA: CFI health needs had the greatest effect on CRC screening (total effects, b 5 0.16; P 5 .003), followed by health insurance (b 5 0.15; P 5 .002), perceived quality of health services (b 5 0.12; P 5 .004), and education (b 5 0.12; P 5 .002) in the AA model.
Sensitivity Analyses
To examine whether associations varied by type of CRC screening test, we tested sensitivity of the results from the main models (using up-to-date on CRC screening by any type) to alternate specifications using colonoscopy (invasive type) and FOBT (noninvasive) as primary outcomes. Sensitivity analyses differed from the main results in several ways. First, when we used up-to-date on colonoscopy as our primary outcome, there was no significant association between cultural factors and colonoscopy uptake (P 5 .248) in the HA model. In the AA model, economic factors were statistically significantly associated with colonoscopy (P 5 .031). When we used up-to-date on FOBT, perceived quality of health services was not associated with FOBT in the HA or AA model (P 5 .226 and P 5 .081, respectively). Supporting Tables 2 and 3 present results from the sensitivity analyses across these specifications (see online supporting information).
DISCUSSION
The major findings of this study were that perceived quality of health services was decreased among individuals with cultural factors (ie, lower acculturation) and that lower perceived quality of health services was associated with reduced CRC screening uptake. SEM allowed us to confirm our a priori assumption that perceived quality of health services would mediate the relation between cultural factors and health services utilization. However, our assumption that access to care would mediate the relation between cultural factors and health service utilization was not supported. To our knowledge, this is the first study to model complex interrelations between sociocultural characteristics, distrust in health care, quality of health services attributes, and health services utilization in HAs and AAs. Most studies examining sociocultural characteristics and their associations with health services utilization among racial/ethnic minorities did not examine possible relations between perceived quality of health services and distrust in health care. By using SEM in the current study, we were able to further explore multifaceted associations of health services utilization (CRC screening in this study), including health services factors and perceived distrust in health care, as mediators among those populations.
These findings highlight the important role of perceived quality of health care services in mediating the relation between cultural factors and CRC screening. This suggests that improving the perceived quality of health services may have significant impact on individual-level factors among racial/ethnic minority populations, which could influence health behaviors like CRC screening. Previous studies 18, 34, 35 reported that increases in perceived health services quality (measured by patient experience) were associated with self-reported health status, satisfaction with received care, and perceived value of health care. However, with few exceptions, 20, 36, 37 the empirical evidence is limited in support of the correlation between quality of health services attributes (including health providers' behaviors and attitudes toward their patients) and desirable health services utilization. In a national study, Saha and colleagues 20 demonstrated that self-reported quality of health care was significantly lower among HA and AA patients. Although the influences of cultural factors and language barriers were not significant on racial/ethnic disparities in access to care, 20 those authors noted that the difference in perceived quality of health care was largely associated with low intensity of interaction between physician and patient, mainly because of cultural differences and limited health literacy. In health care, linguistic and cultural barriers may contribute to lower cancer screening rates for some HA and AA groups, because they are more likely to have difficulties in communicating with health providers and may miss opportunities to discuss health concerns because their provider speaks a nonnative language. [12] [13] [14] 38 Previous perceived experiences of racial/ethnic discrimination during medical care may also influence decision making in health careseeking behaviors. 23 Our findings suggest that training for medical providers that incorporates patient-centered care attitudes 39, 40 -such as patient-centered listening approaches, exposure to shared decision-making interventions, and patient-motivating communication skills with on-site translation services-could contribute to a reduction in racial/ethnic disparities in health care. 41 Moreover, as demonstrated in our sensitivity analyses, perceived quality of health services was associated with colonoscopy (invasive type) but not with FOBT (noninvasive). Thus, health providers' behaviors and attitudes may play an important role in the uptake of invasive types of health screening. 42, 43 The results from SEM indicated that the directions and magnitude of the associations from individual-level constructs to health services constructs, distrust in health care, and CRC screening uptake were approximately the same in the HA and AA models. In both models, we observed that the effect of economic factors on CRC screening was completely mediated by health insurance and that obtaining health insurance was strongly associated with employment and higher income levels. 44, 45 In line with previous studies, 6, [11] [12] [13] [14] [15] 19, 24 our results indicated that HAs and AAs who had higher education, comorbid conditions, health insurance, and higher perceived quality of health services were more likely to be screened for CRC relative to those who were not as educated, had less comorbid conditions, lacked health insurance, and received lower quality services. It was not surprising that health insurance was identified as the most influential factor predicting uptake of CRC screening in the HA model, and it was the second most influential factor in the AA model, which concurs with previous findings.
14 However, although having health insurance has been a strong predictor of health services utilization, its effect size was significantly greater than that of other factors. This may be attributed to implementation of the Affordable Care Act (ACA) in 2010, because it mandated that health insurance (nongrandfathered) cover recommended preventive care services without additional costs. 46 The factor "health needs" was the strongest predictor of CRC screening, and perceived distrust was not associated with screening in AAs. This may represent their hesitancy to undergo cancer screening unless they have symptoms of disease or evaluated health conditions that are related to increased risks of cancer, even if they have insurance coverage. In addition, regardless of perceived value and belief in health care, their screening uptake is likely to be determined by evaluated health status. The different association of perceived distrust in health care with CRC screening between HAs and AAs could be explained by different degrees of difficulty/discrimination experienced when receiving health care. In a national study of health care quality and disparity, 47 HAs were more likely to have difficulties in access to care; and, even when receiving care, they were more likely to feel refused by providers. For example, HAs received worse care than non-Hispanic whites for approximately 40% of quality measures; whereas, among AAs, 20% of quality measures were worse than those of non-Hispanic whites. In the current study, the magnitude of perceived distrust in health care was also greater for HAs than for AAs (data not shown). Evidently, more work is needed with HAs and AAs to understand their perceptions of health services utilization or traditional beliefs that could act as barriers to receipt of CRC screening.
In our exploratory pathway analysis, we noted a negative association between cultural factors and perceived distrust in health care, indicating that perceived distrust in health care may increase along with acculturation and improved language skills. This was unexpected finding and deserves further investigation in future studies. One possible explanation for this is that individuals with higher levels of cultural factors experience less difficulty in receiving health services, but they also likely experience negative health providers' attitudes against their race/ethnicity or limited English use in medical settings that may increase distrust. 12, 14, 21, 23 There are limitations to this study that must be acknowledged. First, because of the nature of the secondary analysis, data were limited to the information that was available in the MEPS. The MEPS data set did not include some factors believed to contribute to our variables of interest, such as relationships between families and perceptions of CRC screening and its uptake, cultural beliefs and behaviors, having first-degree relatives with CRC, and having unobserved health conditions. 19, 38, 48, 49 However, our findings are highly relevant and significant in understanding CRC screening uptake among HAs and AAs, because they provide the first empirical evidence of the association of characteristics of racial/ethnic minorities with cancer screening by including the quality of health services factors. Second, the nature of secondary data analysis also precluded the consideration of primary measures of all latent constructs used in this study. Although we believe that the measures were statistically validated and reliable for assessing the hypothesized pathways, further validation and refinement of those measurements are necessary. Specifically, in the MEPS, we had access to perceived quality of health services but not to objectively measured quality of health services indicators. Future studies might consider incorporating multiple survey items or conducting a pilot study to test novel, objective measurements of health services quality and utilization. Future studies examining potential factors in the medical care setting for assessing generic quality of care services are also especially warranted. Third, although our path models demonstrated causal relations between variables and constructs, a cross-sectional design does not allow any causal interpretation of the directions in the models. Thus, we relied on concepts and findings from other literature to compensate for the inability to make causal interpretations. Future prospective research using longitudinal and randomized controlled trial designs should explore these pathways and examine the effects of suggested factors and constructs. Finally, we did not attempt to assess differences in the pathways to CRC screening among other racial/ethnicity groups, because it was beyond the scope of this study. However, variations in CRC screening uptake among Native Americans and Asian subgroups have been documented 50, 51 ; therefore, an examination of pathways to CRC screening or other health services utilization in those populations is warranted.
Our current findings demonstrate that diverse characteristics in HAs and AAs are associated with their experience with health care services and CRC screening uptake. The relations between CRC screening and associated factors differ in HA and AA populations, suggesting a need for multilevel interventions tailored to race/ethnicity. These findings also suggest that facilitating access to care without improving the quality of health services may be ineffective to increase cancer screening uptake. Our findings have important implications for both public health and medical practitioners and emphasize the need to focus not only on sociocultural phenomena in target populations but also on wider contextual health care delivery by taking clinical settings into account. Potential policy interventions could include increased reimbursement for health screening services of racial/ethnic minorities or more patient-centered and value-based payment models that incentivize the provision of optimal medical and supportive patient services.
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